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Abstract
We investigate the effect of one-loop corrections of O(α2
S
αW ) on the tt¯ invariant mass spectrum at the
Large Hadron Collider (LHC) in presence of both resonant and non-resonant Higgs boson effects. We show
that corrections of O(α2
S
αW ) involving a non-resonant Higgs boson are comparable to or even larger than
those involving interference with the s-channel resonant Higgs boson amplitude and that both of these
are subleading with respect to all other (non-Higgs) diagrams through that order. We also compute the
contribution through O(α2
S
α2
W
) of resonant Higgs boson production (i.e. Higgs production via gg fusion) as
well as the pure QCD ones of O(α3
S
). Altogether, we show that the well known peak-dip structure of the
Mtt¯ spectrum emerging from interference effects between the t, u-channel gg-induced Leading Order (LO)
QCD diagrams and the one due to a Higgs boson in s-channel via gg-fusion is drastically swamped by the
remainder of the terms of O(α2
S
αW ) discussed above.
1. Introduction
Higgs decay to top-antitop pairs could be a search
channel in a variety of models where the corre-
sponding Branching Ratio (BR) becomes dominant,
owing to the fact that, in some such models, the
competing Higgs decays into W+W− and ZZ pairs
can be suppressed or non-existent. For example, in
the case of the Minimal Supersymmetric Standard
Model (MSSM), this naturally occurs if the decay-
ing Higgs boson is the CP-odd one, A, but also for
the heavy CP-even one, H , when cos(β − α) ≈ 0
(see [1] for the definition of α and β and the rele-
vant MSSM Feynman rules). In this case, which
is generally realised for MA ≈ MH >∼ 200 GeV,
A,H → tt¯ becomes a feasible search channel [2].
Unfortunately, LEP (and now also Tevatron and
LHC) limits almost exclude entirely the region of
the (MA, tanβ) plane of the MSSM where signif-
icances above 5 can be achieved [3, 4]. On the
other hand, in a generic 2-Higgs Doublet Model
(2HDM), one can easily switch off the Higgs cou-
plings to gauge boson pairs, as the trigonometric
factor which controls this coupling is essentially
a free parameter (unlike the case of the MSSM),
whilst still being consistent with LEP (and more
recent Tevatron and LHC) data [1]. Furthermore,
even in those models where the scope of the Higgs
→ tt¯ decay channel may be limited, once a Higgs
boson is found and its parameters (mass primar-
ily, but possibly also width and discrete quantum
numbers) measured, these can subsequently be ex-
ploited in the selection of the tt¯ final state to render
the Higgs visible [5]. This can be done, for exam-
ple, for the purpose of measuring the corresponding
BR, thereby accessing the Higgs-tt¯ coupling, in the
attempt to profile the new resonance.
Therefore, it remains of the utmost importance
to continue assessing the scope of existing colliders
in extracting the Higgs → tt¯ signal, not least be-
cause, from a theoretical point of view, the Yukawa
coupling between a Higgs boson and the top quark
entering its rates is a parameter which generally
plays a key role in the dynamics of any Beyond
the Standard Model (BSM) scenario based on a
Higgs mechanism: e.g., in its Electro-Weak Symme-
try Breaking (EWSB) transition, in the Renormali-
sation Group Equations (RGEs) describing its evo-
lution from high to low energy scales, etc. Finally,
one should recall that the top(anti-top)-quark de-
cays into a bottom(anti-bottom)-quark and a W±
boson rather than hadronising, thereby transmit-
ting its spin properties to the decay products very
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Figure 1: gg → tt¯ via a Higgs produced in the s-channel.
efficiently, so that the spin and CP nature of the
Higgs boson(s) involved can be explored in suitable
experimental observables [6, 7].
Clearly, in order to perform all the relevant
searches for Higgs → tt¯ events, any source of SM
corrections should be well-understood. This is true
for the case of the Higgs signal, gg → Higgs → tt¯
[8, 9]. Regarding the QCD background, qq¯, gg → tt¯,
complete one-loop results exist for both the QCD
[10] (see also [11]) and EW [12] (see also [13]) sec-
tors. However, it is also of crucial importance to
take into account interference effects between the
above signal and background (limited to the gg
channel) [14].
Concerning such an interference, it is well known
in the literature [14] that Higgs bosons produced via
gg fusion and decaying into top-antitop quark pairs
interfere with the background t, u-channel LO QCD
diagrams to produce a peak-dip structure in the tt¯
invariant mass spectrum. This structure has been
claimed as potentially observable at the LHC. We
point out here that, if one properly includes through
the perturbative order at which this effect emerges,
i.e., O(α2
S
αW ), all other diagrams, such an effect is
generally subleading with respect to those induced
by all other (non-resonant) Higgs graphs appearing
through that order and/or the ones due to all other
(non-Higgs) diagrams, the latter being always the
dominant contribution. (We neglect here the qq¯ →
tt¯ channel, as this is negligible at the LHC and does
not involve a resonant Higgs contribution.)
The plan of the paper is as follows. In the next
section we describe our calculation. In Sect. III we
report on our numerical results. Finally, we con-
clude in Sect. IV.
2. Calculation
The computation exploited in this paper is de-
scribed at length in Ref. [15], so we do not dwell
here on the technical details. Rather, we just re-
call the salient features of the calculation, with a
view at emphasising the role of the diagrams with
an intermediate Higgs boson.
.
.
Figure 2: Remaining graphs involving a Higgs in the process
gg → tt¯ (excluding gluon crossings).
For the complete EW corrections we need to con-
sider all graphs containing a weakly (or electromag-
netically) interacting internal particle. Graphs in-
volving an internal Higgs are shown in Figs. 1–2,
where Fig. 1 is the graph for the Higgs produced
in the s-channel. This can interfere with the LO
QCD amplitude (t- and u-channel exchanges only
since interference with s-channel exchange is for-
bidden by colour). Fig. 2 shows all the other
graphs involving a Higgs, which can also interfere
with (the complete) LO QCD amplitude. We want
to compare the yield of these two interferences as
well as to that of the entire set of EW corrections
(the remaining graphs have the same topology as
the graphs in Figs. 1–2, but with the Higgs re-
placed by a gauge and/or Goldstone boson.) The
rates emerging through Next-to-LO (NLO) QCD
will also be presented for reference. Notice that we
only include here weak effects, thereby neglecting
one-loop diagrams (and accompanying tree-level
bremsstrahlung graphs) involving a photon. These
were computed in [12] and found to be negligibly
small. This is expected since QED corrections (af-
ter accounting for bremsstrahlung) see no large en-
hancement at the LHC, unlike the case of the weak
ones, which are affected by large so-called Sudakov
logarithms of O(log2(sˆ/M2
W
)).
For the top mass and width we have taken
mt = 175 GeV and Γt = 1.55 GeV, respectively.
The Z mass used was MZ = 91.19 GeV and was
related to the W mass, MW , via the SM for-
mula MW = MZ cos θW , where sin
2 θW = 0.232.
(Corresponding widths were ΓZ = 2.5 GeV and
2
ΓW = 2.08 GeV.) The Parton Distribution Func-
tions (PDFs) that we have used are the CTEQ6
set [16] taken at the factorisation/renormalisation
scale Q = µ = 2mt. (We also have checked other
sets, but found no significant difference in the rel-
ative size of our corrections.) The choice of PDFs
dictates the running and parameters used to com-
pute αS , which has been taken at one-loop level in
the calculation of terms ofO(α2
S
) and O(α2
S
αW ) (in
conjunction with CTEQ6L1) and at two-loop level
in the computation of effects of O(α3
S
) (in conjunc-
tion with CTEQ6M). The value used throughout
for the electromagnetic coupling was α = 1/128
(with αW = α/ sin θW ). The NLO QCD correc-
tions have been included through MCFM [17]. Fi-
nally, the Higgs decay widths have been computed
by means of the programs described in Refs. [18]
and [19]. All rates are presented at the LHC en-
ergy of 14 TeV, though the qualitative effects seen
here would not change at 7 or at 8 TeV.
3. Numerical results
3.1. CP-even Higgs state
As the benchmark for the CP-even Higgs boson
case we take the SM. Fig. 3 shows the contributions
to the inclusive cross section from various different
perturbative components. Clearly, the pure QCD
contribution through O(α3
S
) is largest (solid line).
(In the plots it also incorporates the lowest order
O(α2
S
) term, dot-dashed line.) The O(α2
S
αW ) inter-
ference between the t, u-channel LO QCD diagrams
with the one-loop s-channel Higgs graph is the dot-
ted curve, which is always negative and largest for
MH just above 2mt. However, the dashed line,
which refers to the interference with all graphs in-
volving a Higgs boson, indicates that this term is ac-
tually positive and dominated by the graphs other
than the s-channel Higgs exchange except in the
region of MH between 250 and 550 GeV, where
the interference is indeed negative but has an ab-
solute value at least an order of magnitude smaller
than that obtained from the s-channel Higgs ex-
change only. While this is a potential welcome fea-
ture through the O(α2
S
αW ), as it would increase
the total signal yield, over a considerable range of
MH (notice that the square of the s-channel Higgs
graph through O(α2
S
αW ), diamond line, is consis-
tently one order of magnitude or so smaller than
its interference with the LO QCD terms), it be-
comes negligible if one includes all other non-Higgs
Figure 3: The integrated cross section at the LHC for all
the components of the gg → tt¯ process described in the text.
The Higgs processes are for the CP-even state of the SM.
Where the curves are red it signifies that they correspond to a
negative contribution (notice that the y-axis is logarithmic).
diagrams through O(α2
S
αW ). In fact, the complete
result at such a perturbative level, the starred line,
is always negative and significantly larger than the
partial correction obtained by only including all
Higgs diagrams.
Figs. 4 and 5 show the differential distributions
in tt¯ invariant mass for two Higgs mass values, one
just above the on-shell tt¯ threshold (MH = 370
GeV) and another well above it (MH = 500 GeV),
respectively. The overall trend here is the same
as the one just established at inclusive level, i.e.,
the salient feature is again that the full O(α2
S
αW )
effects swamp those involving the s-channel Higgs
diagram only. Curiously though, the aforemen-
tioned peak-dip structure is maintained (compare
the starred histogram with the dotted one), albeit a
factor approximately 5(8) larger (and still negative)
for MH = 370(500) GeV. Therefore, the ultimate
effect through the complete O(α2
S
αW ) is to swamp
the Higgs resonance emerging through O(α2
S
α2
W
).
(Notice that the cross sections in the legends of
Figs. 4–5 are the integrated ones over the entire
invariant mass range.)
3.2. CP-odd Higgs state
As the benchmark for the CP-odd Higgs boson
case we take the MSSM with tanβ = 1 and Super-
symmetric matter decoupled. Notice in this case
the much reduced width of the Higgs boson, with
respect to the SM setup, owing to the absence of
A→ W+W− and ZZ decays. Fig. 6 shows the in-
clusive cross section in its usual components. Here,
3
Figure 4: The differential cross section in invariant mass
at the LHC for all the components of the gg → tt¯ process
described in the text. The Higgs processes are for the CP-
even state of the SM and assume MH = 370 GeV. Bin width
is 20 GeV.
Figure 5: Same as Fig. 4 for MH = 500 GeV.
since the BR(A → tt¯) is much increased compared
to the SM case, the s-channel Higgs diagram dom-
inates the contributions from other graphs involv-
ing a Higgs boson (compare the dotted and dashed
curves). Nevertheless, the complete O(α2
S
αW ) re-
sult is far larger than the terms involving Higgs
mediation only, much on the same footing as in the
SM.
Figs. 7 and 8 display the usual Mtt¯ spectra
for MA = 370 and 500 GeV, respectively. Again,
also for this differential cross section, we see the
leading role of the s-channel Higgs diagram in the
O(α2
S
αW ) terms, as it accounts for more than 90%
of the Higgs contributions for MA = 370 GeV
(compare dotted and dashed histograms, respec-
tively). However, again in this case, the remainder
of the loop diagrams entering the O(α2
S
αW ) result
is larger. Furthermore, all these terms have always
the same (negative) sign, so that they strongly con-
tribute to deplete the yield of the O(α2
S
α2
W
) signal
(compare star and diamond symbols). The situa-
tion atMA = 500 GeV is not only qualitatively sim-
ilar but also quantitatively, as the s-channel Higgs
contribution is more than 70% of the total due to
Higgs graphs up toMA ≈ 670 GeV, after which the
interference with the s-channel Higgs changes sign.
The overall result is that the full O(α2
S
αW ) result
is again much bigger (a factor of more than 4) than
the one due to the s-channel Higgs diagram alone.
Altogether, again, on sees a strong depletion of the
O(α2
S
α2
W
) Higgs signal once the full O(α2
S
αW ) re-
sult is accounted for.
4. Conclusions and outlook
We have shown that interference effects between
LO QCD amplitudes and one-loop diagrams involv-
ing weak interactions for the gg → tt¯ process can
be large at the LHC and in fact overwhelming the
well studied interference between the former and
the component of the latter due to the s-channel
resonant Higgs diagram only. The overall effect is
generally to diminish the significance of the Higgs
signal produced as a resonance in the gluon-gluon
channel. Therefore, these previously overlooked
contributions need to be included in realistic simu-
lations aiming at establishing the LHC potential to
extract a Higgs→ tt¯ signature. We have illustrated
this at the 14 TeV stage of the LHC using both a
CP-even and CP-odd Higgs boson, the former be-
longing to the SM and the latter to the MSSM. For
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Figure 6: The integrated cross section at the LHC for all
the components of the gg → tt¯ process described in the text.
The Higgs processes are for the CP-odd state of the MSSM.
Where the curves are red it signifies that they correspond to
a negative contribution (notice that y-axis is logarithmic).
Figure 7: The differential cross section in invariant mass
at the LHC for all the components of the gg → tt¯ process
described in the text. The Higgs processes are for the CP-
odd state of the MSSM and assume MA = 370 GeV. Bin
width is 20 GeV.
Figure 8: Same as Fig. 7 for MA = 500 GeV.
further analyses, we make our program available
upon request.
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